There are two prominent subsurface CFC-11 maxima in the western basin along the subtropical section (Plate lb). Both are intensified in the west and extend well into the interior of the western basin. Initially the upper maximum appeared to be CLSW and the deep maximum DSOW or ISOW. As will be elaborated on below, the deep maximum is a mixture of DSOW and ISOW, which will be referred to as Overflow Water (OW), but the upper maximum lies at a lighter density horizon than CLSW. This latter water mass, which has only recently been recognized, is Upper Labrador Sea Water (ULSW), which appears to form in the southwestern Labrador Sea [Pickart, 1992a; Pickart et al., 1996] .
Formation of NADW
NADW is a complex of several water masses, as was first demonstrated by Wiist [1935] who, on the basis of salinity and oxygen concentrations, classified NADW into three types, upper NADW, middle NADW, and lower NADW. Today, it is known that there are four primary North Atlantic water masses that make up NADW, two that form by deep convection in the open ocean and two that are derived from the overflow of dense water across the Greenland-Iceland-Scotland sill. Wiist [1935] also recognized that there are deep waters of non-North Atlantic origin that influence its characteristics. Water from the southern ocean, which is often referred to as Antarctic Bottom Water, and Mediterranean Overflow Water are the two most important.
The least dense components of NADW form by deep open ocean convection during winter. The best known of these components is CLSW, which forms by convection extending to depths as great as 2000 m in the central Labrador Sea [Wallace and Lazier, 1988; Lazier, 1995; Dickson et al., 1996] . This water mass is characterized by a relatively low salinity acquired from inflow from the Arctic Ocean and a low potential vorticity resulting from the breakdown of vertical stratification caused by deep convection [Talley and McCartney, 1982] . The characteristic potential temperature, salinity, and density are 3.5øC, 34.88, and o•. 5 = 34.66, respectively. However, conditions influencing CLSW formation, which include preconditioning water in the central Labrador Sea during the previous year and the strength of the Noah Atlantic Oscillation [Curry et al., 1998 ], vary from year to year. Thus the temperature, salinity, and density can vary from year to year, and in some years, surface water does not become dense enough to form CLSW [Lazier, 1995; Dickson et al., 1996] . ULSW has only recently been recognized as a distinct water mass and a component of NADW. Its discovery stems from significance was not recognized until the more extensive CFC data sets were collected. Pickart [ 1992a] was the first to recognize that this was not a variety of CLSW but a distinct water mass that formed at a density less than CLSW and hence referred to it as
ULSW. (This water mass has also been referred to as Shallow
Upper NADW by Rhein et al., [1995] ). Recently Pickart et al., [ 1996] observed newly formed ULSW near its source region in the southern Labrador Sea. They observed a small weakly rotating eddy that had an anomalously low temperature and salinity (2.9øC and 34.78) and high CFC and tritium content, embedded in warmer and saltier water of the same density flowing equatorward in the DWBC. Although its potential temperature is similar to that of CLSW, its salinity is significantly fresher, and its density is in the range of the 4ø-5øC water with high CFC and tritium concentrations observed in the subtropical Atlantic. This eddy was being eroded rapidly by lateral mixing, and its lifetime was estimated to be several months. Eddies such as this one apparently form by deep convection during winter near the southwest •nargin of the Labrador Sea, and Pickart et al. [1997] have shown that this could occur in the Labrador Current. There they quickly become entrained into the equatorward flow of the DWBC, are capped by less dense water, and become completely absorbed in the DWBC by the time it flows around the Grand Banks. The end result is a water mass that is warmer, more salty, and less dense than CLSW.
The densest components of NADW form behind and overflow the Greenland-Iceland-Scotland Ridge. They are ISOW that enters the eastern Noah Atlantic across the Iceland-Scotland Ridge and DSOW that enters the western Noah Atlantic across the GreenlandIceland Ridge. On the basis of tritium measurements from the early 1970s, Swirl et al. [1980] showed that DSOW is much better ventilated than ISOW, which will be elaborated on below.
ISOW originates from a density horizon of ~o0 = 28.06, which lies near 900 m in the Norwegian Sea and approaches the surface in the Greenland Sea [Swirl, 1984] The exact mechanism by which DSOW forms is not known, but there is evidence supporting both mechanisms discussed above. Finally, ULSW enters the system near the outflow from the subpolar Atlantic to the subtropical Atlantic.
Construction of Sections and Maps
These results are based on a synthesis of most of the CFC data collected in the North Atlantic through 1992. Since our analysis is focused on the basin-wide distribution of CFCs, we have relied mainly on data collected in the late 1980s and early 1990s to obtain a quasi-synoptic picture of the three-dimensional distribution of CFCs in the North Atlantic Ocean. A listing of all of the data used in this analysis is given in Table 1 . (Table 1 ). The maps were constructed by finding the maximum concentration at each station between 34.5 and 34.7 Ol.5 with 0 >3.5øC for ULSW and between 45.8 and 45.9 o4 below 2500 m for OW. The maximum concentrations were then multiplied by a correction factor (given in Table 1 ) to normalize the concentrations to 1990. All the data used were adjusted to 1990 because much of the data were taken in that year, and it is also the midpoint of the 1988-1992 time period. The normalization factor was determined as follows. The profiles of CFC-11 and CFC-12 in each of the upper and lower maxima were vertically integrated, and the CFC-1 l:CFC-12 ratio was calculated for the integrated values. This seawater ratio was 
ULSW can be identified as CFC maxima in the upper 1800 m (Plate 2e). CLSW is warmer and saltier than is observed in the Labrador
Sea, and the CFC-11 concentration is lower ( Figure 4e and Table 2 ). These properties are all consistent with transport of CLSW in the DWBC from its source region and mixing laterally with older, warmer, and saltier CLSW. ULSW is observed at a single station, 15, in an eddy such as the one discussed in the section on NADW formation, but farther downstream from the formation site. Its CFC-11 concentration and potential temperature are slightly higher, and its salinity and density are lower than the underlying CLSW ( Table   2 ).
The southern tip of the Grand Banks represents the boundary between the subpolar and subtropical Atlantic. Along section F at 55øW just south of the Grand Banks the CFC distribution is similar to that in the Newfoundland Basin (Plate 2f).
High CFC concentrations extend down to -1800 m with two maxima, one corresponding to ULSW and one to CLSW. Potential temperature and salinity for CLSW have increased moderately (Figure 4f and Table 2) Table 2 ) than at 55øW, but its density range is similar, indicating further isopycnal mixing. CLSW is present in the O/S plot as a minimum in salinity, but there is not a CFC maximum associated with it. However, the CLSW salinity minimum is not present farther south along section H (Figure 4h ULSW is transported into the interior in the subtropics in two ways, cold core Gulf Stream rings and the deep Gulf Stream recirculation gyre [Schmitz and McCartney, 1993] . The latter appears to be the major pathway. Water recirculating in the gyre is found south of the Bermuda Rise (Figure 5a) There is a dramatic change in the O/S structure of ULSW between the subtropics and the tropics. In the subtropics the ULSW is observed at either a slight salinity minimum or in a region where salinity increases as temperature increases (Figures 4fi 4g, 4h, and  4i) , but in the tropics it is observed at a salinity maximum (Figure  4j, 4k, 41) . Also, the salinity of the ULSW, which increases monotonically in the southward direction in the subtropics, decreases in the southward direction in the tropics (Figure 4j, 4k, 41 ; Table 2 ). The maximum salinity of ULSW in the data presented here occurs at 24øN, which is the latitude of the high-salinity tongue extending westward from the Mediterranean Sea at this depth [Reid, 1994, Figure 13c In the tropics the core of ULSW is associated with salinity and oxygen maximums in the water colurn. This water has been widely referred to as upper NADW, and its origin has been thought to be CLSW [Wiist, 1935] . This is not surprising since it has the same density as CLSW, although it is warmer and saltier. Using CFCs to trace its O/S evolution, we have shown that at the time of our observations the upper NADW CFC signal is not derived from CLSW but instead from the less dense ULSW.
The dilution factor increases from 2 to 10 along the western boundary to the equator with high values in the equatorial plume (Figure 7a ). This is consistent with the reversing currents along the equator observed with SOFAR floats [Richardson and Schmitz, 1993] , which would result in enhanced mixing with older water in the equatorial band. In the equatorial region the CFC distribution (Figure 5b ) reveals spreading of OW eastward along the equator and southward along the western boundary. This is similar to the distribution for the ULSW, but the isopleths do not extend as far to the east because at this depth eastward flow is affected by the Romanche Fracture Zone [Andrie et al., 1998 ]. Along section K that crosses the equator at 35øW the deep CFC signal is confined to the channel, which runs east-west along the equator and is the conduit for bottom water flow between the western North and South Atlantic Oceans (Plate 2k).
The CFC-11 concentration in the OW CFC maximum decreases by a factor of 3 between section K at the equator and section L at 10øS (Table 2) , and these two sections were both taken in 1992. This sharp decrease may be the result of the deep flow splitting at the equator, as is the case for the ULSW, with a significant poaion of the flow entering the Romanch Fracture Zone [Andrie et al., 1998 ].
As discussed in the previous paragraph, the O/S propeaies of the OW CFC maximum are the same as in the subtropical North Atlantic. However, this water is now underlain by water enriched with Antarctic Bottom Water (AABW) as can be seen from the O/S trend below the 2 ø discontinuity (Figure 4k and 41) . The CFC-11 concentration also increases with decreasing temperature beneath the 2 ø discontinuity, and this is particularly evident at 10øS (Figure  4k-41 
CFC Ages and Spreading Rates
The previous discussion has demonstrated how newly formed components of NADW are transported and mixed into the North Atlantic Ocean from their source regions and how this affects the hydrographic structure. Since this discussion was built around the spreading of the CFC signal in the North Atlantic, one can readily see that the timescale involved is several decades, i.e., the time of the measurable CFC transient. However, as discussed previously, the CFCs can be used to estimate water mass ages on a finer scale than several decades.
Maps of the CFC-11 :CFC-12 ratio age (hereafter referred to as the CFC age) for ULSW and OW are presented in Figure 6 . These ages are calculated assuming that the CFC-1 l:CFC-12 ratio (not concentration) in the source water was in solubility equilibrium with the atmosphere during the year of formation. However, if the surface water does not reach equilibrium during the formation process, as occurs during deep convection, the ratio in newly formed water may not be the same as is predicted from the atmospheric ratio and the solubilities, and the newly formed water will have an apparent age. For ULSW an apparent age at formation has been estimated to be .-.3-5 years from the CFC-113:CFC-11 ratio (in a manner similar to the one used to calculate ages from the CFC-11:CFC-12 ratio [Schlosser and Smethie, 1995] ) and from the tritium:He-3 ratio [Pickart et al., 1996] . Newly formed OW may also have an apparent age. On the En223 cruise (Table 1) 
Summary and Conclusions
The compilation of available CFC data for the western North Atlantic provides an opportunity to contribute details to our knowledge of the large-scale circulation pathways that the components of NADW follow and the related timescales. The formation of the major co•nponents of NADW are reviewed with a bias toward understanding the sources of the most recently formed and hence high tracer components. A summary of this review and synthesis follows.
The shallowest component of NADW is ULSW, which forms by deep convection in the southern Labrador Sea, possibly in the Labrador Current [Pickart et al., 1997] .
Its existence was discovered only recently [Pickart, 1992a] 
